EP 1512 764 A1

Europdisches Patentamt

European Patent Office

(19) g)

(12)

Office européen des brevets

(43) Date of publication:
09.03.2005 Bulletin 2005/10

(21) Application number: 04027642.0

(22) Date of filing: 05.09.2002

(11) EP 1 512 764 A1

EUROPEAN PATENT APPLICATION

(51) Intcl7: C22B 9/16, C22B 7/00,
F27D 3/00

(84) Designated Contracting States:
AT BEBG CH CY CZDE DK EE ES FI FR GB GR
IEIT LILU MC NL PT SESKTR

(30) Priority: 07.09.2001 US 948423

(62) Document number(s) of the earlier application(s) in
accordance with Art. 76 EPC:
02798146.3 / 1 423 546

(71) Applicant: Premelt Pump Inc.
Canton, OH 44720 (US)

(72) Inventor: Areaux, Larry D.
Punta Gorda, FL 33950 (US)

(74) Representative: Hanson, William Bennett et al
Bromhead Johnson,
Kingsbourne House,
229-231 High Holborn
London WC1V 7DP (GB)

Remarks:

This application was filed on 22.11.2004 as a
divisional application to the application mentioned
under INID code 62.

(54)

(57) A metal-melting furnace comprises a main
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communication with the main chamber and a well block
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tex well (84) is formed within the well block and is adapt-
ed to hold a maximum quantity of molten metal therein.
The vortex well has an exit outlet (96) for recovering mol-
ten metal therefrom. A containment means (108) is em-

Molten metal pump and furnace for use therewith

placed over the vortex well (84). A gas bubble actuated
molten metal pump (48) is contained within an end block
(36) which engages the well block (38) and has an entry
port in operative communication with the circulation
chamber (28) and an exit port (64) in operative commu-
nication with the vortex well (84). The exit port is tan-
gentially arranged with respect to the periphery of the
vortex well.

Printed by Jouve, 75001 PARIS (FR)



1 EP 1 512 764 A1 2

Description

[0001] The present invention relates to metallurgical
processes and apparatus, and more particularly to met-
allurgical processes and apparatus in which metal chips
are melted in a molten metal vortex, which is fed by an
inert gas, bubble-actuated molten metal pump.

[0002] My following U. S. patents disclose various ap-
paratus and processes related to the introduction of
metal chips into the charge-well of a metal melting fur-
nace and the conveyance of molten metal from one
place to another within or out of a metal melting furnace.
[0003] U. S. Patent No. 4,710,126 discloses a proc-
ess for producing dry metal chips. This process includes
the steps of entraining fluid-containing metal chips in a
gas, introducing the gas into a cyclone separator having
an internal wall heated to fluid-vaporizing temperature
by combustion in a surrounding chamber, purging and
vaporizing fluid from said chips, exhausting hot gases
and exiting dried metal chips from said separator, con-
ducting hot gaseous products of combustion from the
combustion chamber to a continuous centrifuge, ex-
tracting extractable fluid from starting metal chips in the
centrifuge, entraining the chips in the hot gaseous prod-
ucts of combustion introduced into the centrifuge, and
conducting the gaseous products with entrained chips
from the continuous centrifuge to the cyclone separator,
thereby providing an essentially closed system. The
combustion chamber may be a part of an afterburner
furnace and hot gases entraining vaporized oil exhaust-
ed from the cyclone separator may be recycled and em-
ployed as fuel for the combustion chamber.

[0004] U. S. Patent No. 4,721,457 discloses a proc-
ess for producing dried and cleaned metal chips by en-
training metal chips in a gas, introducing the gas into a
cyclone separator having a wall heated to fluid-vaporiz-
ing temperature by combustion effected in a surround-
ing chamber, purging fluid from said chips, exhausting
hot gases and exiting dried metal chips form said sep-
arator, conducting hot gaseous products of combustion
from the combustion chamber to a continuous centri-
fuge, extracting extractable fluid from starting metal
chips, which may be previously uncleaned and/or un-
washed, in the centrifuge, entraining the chips in the hot
gaseous products of combustion introduced into the
centrifuge, and conducting the gaseous products with
entrained chips from the continuous centrifuge to the cy-
clone separator, thereby providing an essentially closed
system. The combustion chamber may be a part of an
afterburner furnace and hot gases entraining vaporized
oil exhausted from the cyclone separator may be recy-
cled and employed as fuel for the combustion chamber.
Provision is made in the system for hot water and/ or
steam from either an external source of from a water
jacket around the cyclone separator, preferably together
with solvent and/ or detergent, and a final chip drying
step wherein the drying is effected using products of
combustion which are enroute back to the continuous

10

15

20

25

30

35

40

45

50

55

centrifuge.

[0005] U.S. Patent No. 4,872,907 discloses an appa-
ratus and method for charging metal chips into a molten
bath of the metal from which the chips are formed, com-
prising a compacting extruded and a delivery conduit
which is resistant to the mass of molten metal and which
is pivotable to dip into the molten metal bath when chips
are being charged thereinto and out of contact with the
bath when charging is to be discontinued, are disclosed.
The chips are forced through the delivery conduit in the
form of a compacted or densified mass preferably hav-
ing a density between about 30 and 60 percent of the
density of the solid metal and preferably between about
55 and 80 pounds per cubic foot. Feed is continued
while the delivery conduitis in the molten metal bath and
until it is removed therefrom to prevent entry of molten
metal into the delivery conduit. The method is preferably
conducted on a continuous basis and various sensors
with appropriate wiring may be employed for safety and
for making the method substantially automatic in oper-
ation.

[0006] U.S.PatentNo. 5,203,910 discloses a method
for the conveyance of molten metal from one place to
another, in a high-temperature molten metal pool in a
metal-melting furnace or out of said molten metal pool,
employing an at least partially-inclined elongated con-
veying conduit and gas feed means for feeding inert gas
into the lower end of the conveying conduit and thereby
inducing a flow of molten metal in and through said con-
veying conduit, is disclosed, along with suitable appa-
ratus for carrying out the said method wherein the parts
or elements coming into contact with the high-tempera-
ture molten metal pool are of a suitable refractory ma-
terial.

[0007] U.S.PatentNo.5,211,744 discloses a process
for utilization of metal chips, especially scrap metal
chips, particularly brass and aluminum, by introduction
of the metal chips into a pool of molten metal of which
they are formed or an alloy thereof. The process allows
for minimization of fuel cost, heat loss, and minimal con-
version of the metal at the surface of the molten metal
pool to metal oxide, as well as an increase in the yield
of utilizable metal from the remelting or recycling oper-
ation, by maintaining a non-oxidizing atmosphere at the
surface of the molten metal pool and optionally utilizing
vaporized residual impurities from chips being recycled
such as oil, lacquer, or similar vaporizable impurity to
assist in maintaining the non-oxidizing atmosphere.
Elimination of impurity-removal steps previously re-
quired for preparation of the chips for recycling by intro-
duction into such a molten metal pool is eliminated. En-
vironmental pollution is also conveniently and simulta-
neously substantially reduced fromvaporizable contam-
inants, fumes, and decomposition products of combus-
tion thereof.

[0008] U.S. Patent No. 5,395, 424 discloses a meth-
od for the conveyance of molten metal from one place
to another, in a high-temperature molten metal pool in
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a metal-melting furnace or out of said molten metal pool
employing atleast a partially-inclined elongated convey-
ing conduit and gas feed means for feeding inert gas
into the lower end of the conveying conduit is employed.
A flow of molten metal in and through said conveying
conduit, is disclosed, along with suitable apparatus for
carrying out the said method wherein the parts or ele-
ments coming into contact with the high-temperature
molten metal pool are of a suitable refractory material.
According to the present invention, an intermittent or
pulsating inert gas feed is employed to produce essen-
tially spherical or cylindrical bubbles within the convey-
ing conduit, thereby resulting in greater efficiency and
economy because of the possibility of reducing the
quantity of inert gas employed to induce the flow of an
identical amount of molten metal.

[0009] U. S. Patent No. 5,407,462 discloses a mass
flow gravity feed furnace charger comprises a vertically-
oriented elongated hollow conduit which is associated
with an apertured heat-resistant charge-well cover
adapted to lie essentially in contact with the upper sur-
face of a molten metal pool in the charge well of a metal-
melting furnace. Presized scrap metal charged into the
conduit collects atop the surface of the molten metal
pool, since the bottom opening of the conduit commu-
nicates with the charge-well cover aperture and permits
the metal scrap to fall by gravity directly into the molten
metal in the charge well. When the weight of the metal
scrap column is sufficient to offset the resistance of the
upper surface of the molten metal pool, the weight of the
collected metal scrap gravitationally forces it into the
molten metal mass it melts and is assimilated.

[0010] Employment of the method and charge of the
invention enables the controlled introduction of metal
scrap by mass flow and gravity feed directly into and
beneath the surface of the pool of molten metal and ob-
viates numerous disadvantages and inconveniences of
past practices.

[0011] U.S.PatentNo. 5,468,280 discloses a method
for the conveyance of molten metal from one place to
another in a high-temperature molten metal pool in a
metal-melting furnace or out of said molten metal pool.
At least partially-inclined elongated conveying conduit
and gas feed means for feeding inert gas into the lower
end of the conveying conduit is employed. A flow of mol-
ten metal is thereby inducted in and through said con-
veying conduit, is disclosed, along with suitable appa-
ratus for carrying out the said method wherein the parts
or elements coming into contact with the high-tempera-
ture molten metal pool are of a suitable refractory ma-
terial. The inert gas is fed into the conveying conduit at
a supersonic velocity, thereby simultaneously effecting
a degassing of the molten metal while it is being con-
veyed.

[0012] U. S. Patent No. 5,735,935 discloses an inert
gas bubble-actuated molten metal pump which is locat-
ed in a metal-melting furnace to effect circulation of mol-
ten metal throughout the furnace. The inert gas em-
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ployed to actuate the molten metal pump is captured be-
neath a heat-resistant and flame-resistant cover located
above the exit port of the pump and over a substantial
portion of the molten metal to thereby to prevent splash-
ing, spattering and disruption of a thin protective layer
or skin of oxidized metal at the surface of the molten
metal as well as to provide a non-oxidizing atmosphere
at the surface of the molten metal beneath said cover.
In this manner the inert gas is employed efficiently and
economically.

[0013] U. S. Patent No. 5,853,454 discloses a mass
flow gravity feed furnace charger apparatus includes a
charge-well cover having an aperture and an essentially
vertical conduit for forming a substantially vertically-ori-
ented column of metal chips or scrap within and above
the aperture, and structure for bringing both the cover
and conduit into position above a charge-well. The con-
duit is rapidly movable up and down to force the metal
chips or scrap into molten metal in the charge-well even
when the dross level at the surface of the molten metal
is considerable, so that the apparatus and correspond-
ing methods permit charging when gravity feed alone is
not sufficient or sufficiently rapid. In a preferred embod-
iment, the conduit has an interior surface provided with
gripping means to assist with the downward movement
of metal chips or scrap into the molten metal in the
charge well when the up and down motion of the conduit
is in effect.

[0014] U. S. Patent No. 5,919, 283 discloses an inert
gas bubble-actuated molten metal pump is located be-
tween one section of a metal-melting furnace and a sec-
ond section to pump molten metal form the one section,
wherein the molten metal is at a higher temperature, into
the second section, wherein the molten metal is at a low-
er temperature, and its effluent is directed into contact
with metal chips being charged into the second section,
thereby assisting in the more rapid melting of the chips
into the molten metal mass in the second section. The
inert gas employed to actuate the molten metal pump is
captured beneath a heat-resistant and flame-resistant
cover located above the exit port of the pump and over
a substantial portion of the molten metal mass in the
second section, thereby providing a non-oxidizing at-
mosphere at the surface of the molten metal mass or
pool beneath said cover. In this manner the inert gas is
employed not only to actuate the inert gas bubble-actu-
ated molten metal pump, but also to assist in the rapid
melting of metal chips being charged, as well as to pro-
vide a non-oxidizing atmosphere at the surface of the
molten metal.

[0015] U. S. Patent No. 5,984,999 discloses an ar-
rangement in which the vortex well of a metal melting
furnace is provided with an internal cavity having a cir-
cular cross section when viewed from the top, preferably
a cavity of cylindrical or conical configuration, and with
a peripheral exit port located tangentially with respect to
said cavity at a lower level thereof for exit of molten met-
al into the main chamber of the furnace. An inert gas
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bubble-actuated molten metal pump brings molten met-
al from a hotter section of the furnace, advantageously
directly form the main chamber, and has its exit port lo-
cated tangentially to the periphery of the cavity at an
upper level thereof, thereby creating vortical flow of mol-
ten metal therein and for circulation of hotter molten met-
al throughout the furnace. A head of molten metal can
be created in the vortex well, which advantageously has
an exit port of restricted internal cross-sectional area, to
assist with attainment of these objectives.

[0016] A heatand flame-resistant cover may be locat-
ed above the cavity and advantageously has an aper-
ture therein for the loading of metal chips or scrap there-
into. A gravity-feed chip charger may surmount the ap-
erture for the discharge of new metal chips or scrap into
the cavity through the said aperture.

[0017] U. S. Patent No. 6,068,812 discloses an inert
gas bubble-actuated molten metal pump, for the move-
ment of molten metal in a molten-metal bath, which ob-
viates the necessity of a heatproof and flameproof cover
to counteract splashing and spattering at the surface of
the molten metal bath above the pump, comprising an
inert gas diffusion means at an upper end thereof, the
diffusion means having an upper surface containing a
multiplicity of small upwardly-opening apertures for the
breaking up of large bubbles and the diffusion of small
bubbles of inert gas upwardly therethrough. The pump
includes a refractory block which comprises a conveying
conduit which is preferably elongated in width and a
spreader cavity in communication with both a passage-
way in the block for providing a source of inert gas and
a lower end of the conveying conduit.

[0018] My above referenced patents are incorporated
herein by reference.

[0019] The purpose for creating a vortex in the vortex
well is to rapidly submerge the small particles of metal
whose mass would otherwise prevent the particles from
penetrating the surface tension of the molten metal bath,
thus causing a substantial increase in the percentage of
metal loss due to oxidation. It has, however, has been
determined that further steps must be taken to reduce
oxidation, particularly when relatively more expensive
metals such as aluminum are being used.

[0020] It is an object of the present invention to pro-
vide a means for further reducing metal losses due to
oxidation in the vortex molten bath.

[0021] It is another object of the present invention to
provide a way of integrating the functions of circulating
molten metal and submerging metal chips in molten
metal vortex to allow for rapid recovery of any temper-
ature drop which may result from the introduction of the
cold scrap.

[0022] Itis still another object of the present invention
to provide a means for efficiently burning off volatile hy-
drocarbons which may be present with metal chips that
are being melted.

[0023] These and other objects are attained by the
present invention which is a metal melting closed fur-
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nace which includes a main chamber, a circulation well
connected to the main chamber by a communications
passageway and a vortex well having an exit outlet for
molten metal into the main chamber. A cover or other
suitable containment means is emplaced above the vor-
tex well. An inert gas activated molten metal pump is
provided in which there is an entry port in the circulation
well and exit port tangentially arranged with respect to
the periphery of the cavity. This exit port will typically be
at or near the top of the vortex well.

[0024] In order to reduce oxidation, inert gas bubbles
are captured from this molten metal pump and are trans-
ported to an inert gas atmosphere or blanket above the
molten metal vortex so that this inert gas atmosphere is
continuously or intermittently replenished.

[0025] Also encompassed by the present invention is
a process for melting metal in a furnace in which molten
metal is heated in a main chamber and then circulated
to a circulation well. The molten metal is then removed
from the circulation well by an inert gas bubble actuated
pump to the vortex well. An inert gas atmosphere is
formed below the cover and is continuously or intermit-
tently replenished by gas from the bubbles in the pump.
[0026] Also encompassed by the present invention is
a metal-melting furnace which includes a main chamber
and a circulation well connected to the main chamber
by a communication passageway. There is also a vortex
well having periphery, a top and an exit outlet for recov-
ering molten metal therefrom, and a cover is. emplaced
over the vortex well. The furnace also includes an inert
gas bubble actuated molten metal pump having an entry
port in the circulation well and an exit port tangentially
arranged with respect to the periphery of said vortex well
at or near the top of the vortex well, wherein the exit port
is positioned at a vertical position which is higher than
the entry port. There is also an inert gas atmosphere
positioned in the vortex well beneath the cover.

[0027] Also encompassed by the present invention is
a metal-melting furnace which includes a main chamber
and a circulation well connected to the main chamber
by a communication passageway. There is also a vortex
well having a periphery, a top and bottom exit outlet for
recovering molten metal therefrom, and a cover isem-
placed over the vortex well. The furnace also includes
an inert gas bubble actuated molten metal pump having
an entry port in the circulation well and an exit port tan-
gentially arranged with respect to the periphery of said
vortex well at or near the top of the vortex well. There is
also an inert gas atmosphere positioned in the vortex
well beneath the cover.

[0028] Also encompassed by the present invention is
a metal melting furnace which includes a main chamber
and a circulation well containing molten metal having a
surface level connected to the main chamber by a com-
munication passageway. There is a vortex well having
a periphery, a top and an exit outlet for recovering mol-
ten metal therefrom, and a cover is emplaced over the
vortex well. The furnace also includes an includes a sen-
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sor for measuring the surface level of the molten metal
in the circulation well and a means for vertically posi-
tioning the cover to a position selected based on the
measured surface level of the molten metal.

[0029] Also encompassed by the present invention is
a metal-melting furnace which includes a main chamber
and a circulation well connected to the main chamber
by a communication passageway. There is also a well
block having, a vortex well, said vortex well having a pe-
riphery, top and an exit outlet for recovering molten met-
al therefrom. A cover is emplaced over the vortex well,
wherein said cover has a periphery positioned in inward
spaced relation to the well block to form a peripheral gas
release space between said cover and the well block.
The furnace also includes an inert gas bubble actuated
molten metal pump having an entry portin the circulation
well and an exit port tangentially arranged with respect
to the periphery of said vortex well at or near the top of
the vortex well. An inert gas and volatile hydrocarbon
gas atmosphere is positioned in the charge well beneath
the cover, and this atmosphere isreleasable through
said peripheral gas release space.

[0030] Also encompassed by the present invention is
a metal-melting furnace which includes a main chamber
and a circulation well connected to the main chamber
by a communication passageway. There is also a vortex
well containing a molten metal vortex and having a pe-
riphery, a top and an exit outlet for recovering molten
metal therefrom and a cover is emplaced over the vortex
well adjacent the surface of the molten metal vortex. The
furnace also includes an inert gas bubble actuated mol-
ten metal pump having an entry port in the circulation
well and an exit port tangentially arranged with respect
to the periphery of said vortex well at or near the top of
the vortex well. An inert gas atmosphere is also posi-
tioned in the vortex well beneath the cover.

[0031] Also encompassed by the present invention is
a metal-melting furnace which includes a main chamber
and a circulation well connected to the main chamber
by a communication passageway. There is also a vortex
well having a periphery, a top and an exit outlet for re-
covering molten metal therefrom and a cover emplaced
over the vortex. well. A feed tube extends through said
cover to enable metal chips to be tangentially added to
the vortex well adjacent the periphery of said vortex well.
The furnace also includes an inert gas bubble actuated
molten metal pump having an entry portin the circulation
well and an exit port tangentially arranged with respect
to the periphery of said vortex well at or near the top of
the vortex well. An inert gas atmosphere is also posi-
tioned in the vortex well beneath the cover.

[0032] Also encompassed by the present invention is
a metal-melting furnace which includes a main chamber
and a circulation well connected to the main chamber
by a communication passageway. The furnace also in-
cludes a vortex well having a periphery, a top and an
exit outlet for recovering molten metal therefrom and
said vortex well is positioned in a vortex well block. A
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cover is also emplaced over the vortex well. There is
also an inert gas bubble actuated molten metal pump
having an entry port in the circulation well and an exit
port tangentially arranged with respect to the periphery
of said vortex well at or near the top of the vortex well.
An inert gas atmosphere positioned in the vortex well
beneath the cover. An end block is also positioned in
adjoining relation to the vortex well block.

[0033] These blocks are connected by a projection
extruding from one block which engages a recess in the
other block. The circulation well is contained in said ad-
joining blocks.

[0034] The present invention is further described by
means of the accompanying drawing in which:

Fig.1 is a vertical cross-sectional view of a molten
metal pump and furnace for use therewith which
comprises a preferred embodiment of the present
invention;

Fig. 2 is a cut away perspective view of the main
molten metal chamber, circulation wall, vortex well
and adjacent chamber of the molten metal pump
and furnace in Fig. 1;

Fig. 3 is a cross-sectional through 3-3 in Fig. 2;
Fig. 4 is a partial end view of the molten metal pump
and furnace shown in Fig.1 from 4-4;

Fig. 5is a cross-sectional view through 5-5in Fig. 1;
Fig. 6 is an end view from 6-6 of the molten metal
pump and furnace shown in Fig. 1;

Fig. 7 is a detailed view of area 7 in Fig. 1;

Fig. 8 is a cross sectional view through 8-8 in Fig. 1;
Fig. 9 is a partial top view of the well block and end
block from 9-9 in Fig. 1;

Fig. 10 is a vertical cross-sectional view similar to
Fig. 1 in which the feed tube and vortex well cover
are in their elevated positions;

Fig. 11 is a detailed view similar to Fig. 7 in which
the feed tube and vortex well cover are in interme-
diate elevated position still covering the vortex well;
and

Fig. 12 is a top plan view of the vortex well lock and
part of the end block from 12-12 in Fig. 11 in which
an alternate vortex well cover is shown.

[0035] Referring to Figs. 1-9, the furnace is shown
generally at 10 has a bottom wall 12, side walls 14 and
16, front wall 18 and a rear wall 19. The furnace 10 also
has an intermediate transverse wall 20 which defines
along with the rear wall a main chamber 22. Side walls
14, 16, front wall 18, rear wall 19 and transverse wall 20
all extend upwardly from bottom wall 12 and terminate
at an upper edge 21. Upper edge 21 lies a first height
"X" above bottom wall 12 (Fig. 7). As is conventional
fossil fuel burners (not shown) are used to maintain a
molten metal bath 24 in this main chamber. The main
chamber 22 also has a cover shown in fragment at nu-
meral 26. Adjacent the main chamber 22 is a circulation
chamber 28 also having a molten metal bath 30 which
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is connected to the main chamber 22 by means of com-
municating passageway 32. The molten metal may be
aluminum, magnesium, zinc, copper, brass or steel. Ad-
jacentthe circulation chamber 28 there is a molten metal
pump shown generally at 34 which includes an end
block 36. Adjacent the end block 36 there is well block
38. Preferably the well block 38 is a separate and re-
placeable block of refractory material. It would alterna-
tively be possible to integrate the end block 36 and well
block 38 into a single unit. End block 36 and well block
38 have upper edges 36a and 38a which lie a second
height "Y" above bottom wall 12 of furnace 10 (Fig. 7).
Second height "Y" is greater than first height "X" so that
the upper edges 36a, 38a of end block 36 and well block
38 extend vertically above upper edge 21 of side, front
and rear walls 14, 16, 18, 19 relative to bottom wall 12.
[0036] In accordance with one of the features of the
present invention, in end block 36 there is formed an
end block projection 40 which engages in recess 42 on
the well block 38. Between the end block 36 and well
block 38 there is also a vertical space 44. As may be
seenin Fig. 7, in the end block 36 there is also a vertical
passageway 46 which has a lower opening 48 and a
medial outlet 50. End block 36 is supported by well block
38 so that opening 48 lies at a height "Z" above bottom
wall 12 of furnace 10 (Fig. 7). Molten metal from molten
metal bath 30 is drawn into opening 48 from the area
between lower end 36b of end block 36 and bottom wall
12 of furnace 10. There is also an inert gas line 52 which
extends from a tank 54 containing nitrogen, argon or
other inert gas, to controls 56 and then to inert gas outlet
58 into passageway 46. Adjacent the medial outlet 50
of the vertical passageway 46 there are seals 60 and 62
at which point the vertical passageway 46 connects to
horizontal passageway 64 in the well block 38. This hor-
izontal passageway 64 has an opening 66 and an outlet
68 adjacent a plate 70 with a plurality of apertures as at
aperture 72. As is conventional in a molten metal pump,
such as in molten metal pump 34 there are a plurality of
inert gas bubbles 74, 76 and 78 in the vertical passage-
way 46 and horizontal passageway 64 which rise to
move molten metal masses as at 80 and 82 from the
circulation chamber 28 to the vortex well shown gener-
ally at 84. Above the plate 70 there is an inert gas col-
lection recess 86 in the well block 38. The vortex well
84 has an upper region 88, medial region 90 and a lower
region 92 with a surrounding liner 94. At the bottom of
the lower region 92 there is a lower outlet 96 which com-
municates with a bottom recess 98 in the well block 38.
A horizontal passageway 100 extends through to inter-
mediate well 102. In this intermediate well 102 there is
another molten metal bath 104 which re-circulates back
to the main chamber 22 by means of communicating
passageway 106. Above the vortex well 84 there is a
refractory cover 108. Other suitable vortex well contain-
ment means such as an upward extension of the vortex
well shown generally as numeral 109 in Fig. 7 may be
substituted for the cover 108. The cover 108 will be
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equipped with a sensor 110 which overlies a molten met-
al vortex 112 in the vortex well 84. The sensor 110 sens-
es the surface level 109 of the molten metal vortex 112
to enable the cover 108 to be raised or lowered as is
described hereafter. Between the cover 108 and the
molten metal vortex 112 there is an inert gas atmos-
phere or blanket 114 which is continuously or intermit-
tently replenished with inert gas from inert gas bubbles
in the pump 34 which enter recess 86 through apertures
as at aperture 72 in plate 70. Between the cover 108
and the well block 38 there is a peripheral space 116
which allows for the formation of a combustion zone 118
for allowing oils, paints, lacquers as well as other volatile
hydrocarbons to exit from below the cover 108 and be
burned off. It will be appreciated that this peripheral
space 116 will also allow the escape of inert gas from
the inert gas atmosphere or blanket 114 as additional
inert gases are added to this space. The well cover 108
will have sufficient space around its periphery to allow
oil, paints, lacquer or nitrogen, as well as any other vol-
atile hydrocarbons, which have been carried into the
molten metal stream on the scrap charge material, to
exit from below cover 108. This heat resistant cover108
would be adjustable in height, but would normally pro-
vide several inches of clearance above the surface of
the molten metal bath for the containment of the replen-
ishing supply of inert gas. As seen in Fig. 1, above com-
bustion zone 118 there is a smoke collection hood 120
with air intakes 124 and 126 having respectively closure
doors 128 and 130. From the smoke collection hood 120
there is a line 132 to a stack or particle collection equip-
ment (not shown). Extending downwardly through the
smoke collection hood 102 there is a scrap feed tube
134 in which scrap as in metal chips 136 are feed into
the molten metal vortex 112 in the vortex well 84. It will
be appreciated that metal scrap may be substituted for
metal chips and, for the purposes of this disclosure the
term "metal chips" should be understood to include both
metal chips and metal scrap. The metal chips 136 are
preferably fed tangentially into the molten metal vortex
112 adjacent the periphery of the vortex well 84. The
feed tube 134 is attached to the cover 108 by means of
a flange138. At its upper end feed tube 134 receives
metal chips from a hopper 140 which is in turn fed by a
screw conveyor 142 which receives metal chips 136
from a feed opening 144.

[0037] Referringto Fig. 10, it will be seen that the feed
tube 134 and cover108 may be withdrawn upwardly
from the vortex well 84 by well known conventional
means.

[0038] Referringto Fig. 11, it will be seen that the feed
tube 134 may also be adjusted in height so that the cover
108 at the top of the vortex well 84. The height of the
inert gas blanket 114 is thereby may be adjusted. The
vertical position of the cover 108 is preferably selected
with reference to the surface level of the molten metal
in the vortex well 84 which is measured by sensor 110.
[0039] Referring to Fig. 12, an alternate embodiment
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of the cover is shown. In this embodiment a well block
146 is shown as well as the end block 148 in fragment.
A vertical space 150 is interposed between the well
block 146 and end block 148. An alternate cover 152 is
positioned on the top of the well block 146 by means of
radial peripheral supports 154,156, 158 and 160. Be-
tween the cover 158 and the well block 148 there are
peripheral spaces 162,164, 166 and 168 and positioned
above these peripheral spaces there are respectively
combustion zones 170,172, 174 and 176. A feed tube
180 connected to the cover 152 by means of a bracket
182 allows metal chips to be fed into the molten metal
vortex 184.

[0040] In the operation of the molten metal pump and
furnace of the present invention metal chips are fed into
the feed opening 144 of conveyor 132 which transports
these metal chips to hopper 140 from which they de-
scend into the feed tube 134 to vortex well 84 where
they are added to the molten metal vortex 112.

[0041] At the same time nitrogen or other inert gas
was drawn from tank 54 through line 52 and controls 56
to form bubbles as at bubble 48 in the vertical passage-
way 46 of molten metal pump 34. These inert air bubbles
move molten metal masses as at mass 64 from molten
metal bath 30 in the circulation chamber 20 to molten
metal vortex 112 in vortex well 84. When these bubbles
as in bubble 74 enter the horizontal passageway 64 of
the molten metal pump 34 they pass through apertures
as at aperture 72 in plate 70 to enter recess 86 and
thereafter enter vortex well 84 between the molten metal
vortex 112 and the cover 108 to form the inert gas at-
mosphere or blanket 114. Alternatively the inert gas
blanket may be contained by upwardly extended walls
of the vortex well 84. It will thus be understood that such
containment means may be either a cover as at cover
108 or by extended walls of the vortex well 84. This inert
gas blanket 114 reduces the formation of oxidation on
the metal chips entering the molten metal vortex 112.
Oil, paints, lacquers and other volatile hydrocarbons
which may be present within the metal chips are vola-
tised and passed through the peripheral space 116 be-
tween the cover 108 and the well block 38 to be burned
in the combustion zone 176. The metal chips flow along
with the rest of the molten metal vortex 116 in a swirling
downward path to outlet 96 and bottom recess 90 where
the direction of the molten metal is changed to a lateral
flow path through horizontal passageway 100 into inter-
mediate well 102. From intermediate well 102 molten
metal in molten metal bath 104 goes through passage-
way 106 to main chamber 22. After heating in main
chamber 22 molten metal passes through passageway
32 into circulation chamber 38. From the molten metal
bath 30 in circulation chamber 28 the molten metal is
again pumped through molten metal pump 34 back to
vortex well84 where additional metal chips are again
added under inert gas blanket 114 in the same way. It
will be understood that it would alternately be possible
to remove molten metal from the passageway 32 adja-
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cent circulation chamber 28 to the vortex well. For the
purposes of this disclosure, the removal of molten metal
from the circulation chamber to the vortex well will be
considered to also include the embodiment of removing
molten metal from the adjacent passageway.

[0042] It will be appreciated that a molten metal pump
and furnace for use therewith and a method for its op-
eration has been described in which oxidation of metal
chips entering molten metal vortex is substantially re-
duced.

[0043] It will also be appreciated that the present in-
vention allows for the combination of the functions of cir-
culating molten metal in a fossil fuel reverberatory fur-
nace and submerging metal chips in an open side well
chamber to cause the melted feed stock to be rapidly
circulated back into the main chamber of the furnace.
Any resulting loss in temperature due to the introduction
of the cold scrap, can quickly be recovered in the pres-
ence of the combustion burners located in the enclosed
main chamber of the furnace.

[0044] It will also be appreciated that the present in-
vention also lends itself to melting materials such as un-
delacquered UBC (used beverage cans) with substan-
tially improved melt yield, without requiring the prior step
of delacquering the UBC in advance of this melting proc-
ess.

[0045] In the foregoing description, certain terms
have been used for brevity, clearness, and understand-
ing. No unnecessary limitations are to be implied there-
from beyond the requirement of the prior art because
such terms are used for descriptive purposes and are
intended to be broadly construed.

[0046] Moreover, the description and illustration of the
invention is an example and the invention is not limited
to the exact details shown or described.

[0047] Aspects of the invention are defined as follows:

I. A metal-melting furnace comprising: a main
chamber; a circulation well connected to the main
chamber by a communication passageway; a vor-
tex well having a periphery, a top and an exit outlet
for recovering molten metal therefrom; a contain-
ment means emplaced over the vortex well; an inert
gas bubble actuated molten metal pump having an
entry port in the circulation well and an exit port tan-
gentially arranged with respect to the periphery of
said vortex well at or near the top of the vortex well;
and a continuously or intermittently replenished in-
ert gas atmosphere positioned in the vortex well be-
neath the cover.

Il. The furnace of aspect | wherein means are pro-
vided to recover inert gas from the molten metal
pump for use in the inert gas atmosphere.

Ill. The furnace of aspect Il wherein the molten met-
al pump has a passageway extending into the vor-
tex well and there is at least one inert gas bubble in
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said passageway and adjacent said vortex well
there is a recess adjacent said vortex well which is
separated from said passageway by a plate with at
least one aperture so that at least some of the inert
gas from said bubbles enters the recess and then
the vortex well as said bubble passes the aperture.

IV. The furnace of aspect | wherein the vortex well
is a separate and replaceable block of refractory
material.

V. The furnace of aspect | wherein the vortex well
is in a refractory well block and there is a peripheral
space between the cover and said refractory well
block.

VI. The furnace of aspect V wherein metal chips
mixed with volatile hydrocarbons are added to the
vortex well and volatile hydrocarbons are removed
through said space between said cover and said re-
fractory well block.

VII. The furnace of aspect | wherein the molten met-
al recovered from the vortex well is removed to an
intermediate well.

VIII. The furnace of aspect VIl wherein molten metal
from the intermediate well is re-circulated back to
the main chamber.

IX. The furnace of aspect | wherein a feed tube ex-
tends through the containment means to enable
metal chips to be tangentially added to the vortex
well.

X. The furnace of aspect IX wherein the vortex well
and the molten metal pump are contained in a well
block and an adjoining end block which are con-
nected by a projection from one of said blocks which
engages a recess in said other block.

XI. The furnace of aspect X wherein the contain-
ment means is a cover and the vortex circulation
well contains molten metal having a surface level
and there is a sensor for measuring said surface
level the cover is vertically displaceable to a position
selected based upon said molten metal surface lev-
el.

XIl. The furnace of aspect XI wherein the cover is
fixed to a feed tube and the cover and feed tube are
vertically displaceable together.

XIIl. The furnace of aspect | wherein the vortex well
has upwardly extended walls and the containment
means comprises said upwardly extended walls of
the vortex well.
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XIV. The furnace of aspect | wherein the inert gas
is selected from the group consisting of nitrogen
and argon.

XV. The furnace of aspect | wherein there is a mol-
ten metal vortex in the vortex well.

XVI. The furnace of aspect XIV wherein vortex con-
tains a molten metal selected from the group con-
sisting of aluminum, magnesium, zinc, copper,
brass, and steel.

XVII. In a metal-melting furnace comprising: a main
chamber; a vortex well having a periphery, a top and
an exit outlet for recovering molten metal therefrom;
a containment means emplaced over the vortex
well; and an inert gas bubble actuated molten metal
pump having an entry portin the circulation well and
an exit port tangentially arranged with respect to the
periphery of said vortex well at or near the top of the
vortex well, wherein the improvement comprises a
continuously or intermittently replenished inert gas
atmosphere positioned in the vortex well beneath
the cover.

XVIII. The furnace of aspect XVII wherein means
are provided to recover inert gas from the molten
metal pump for use in the inert gas atmosphere.

XIX. The furnace of aspect XVIIl wherein the molten
metal pump has a passageway extending into the
vortex well and there at least one inert gas bubble
in said passageway and adjacent said vortex well
there is a recess from said vortex well which is sep-
arated from said passageway by a plate with at least
one aperture so that at least some of the inert gas
from said bubbles enters the recess and then the
vortex well as said bubble passes the aperture.

XX. Afurnace of aspect XVIl wherein the vortex well
is in a refractory well block and there is a peripheral
space between the cover and said refractory well
block.

XXI. The furnace of aspect XX wherein metal chips
mixed with volatile hydrocarbons are added to the
vortex well and volatile hydrocarbons are removed
through said space between said cover and said re-
fractory well block.

XXII. The furnace of aspect XVIl wherein the vortex
well has a bottom exit outlet and molten metal is
removed to a circulation well from the main cham-
ber before being removed to the vortex well and
said molten metal is then removed from said bottom
exit outlet with said vortex well to an intermediate
well.
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XXIII. A metal-melting furnace comprising: a main
chamber; a circulation well connected to the main
chamber by a communication passageway; a vor-
tex well having a periphery, a top and an exit outlet
for recovering molten metal therefrom; a contain-
ment means emplaced over the vortex well; an inert
gas bubble actuated molten metal pump having an
entry port in the circulation well and an exit port tan-
gentially arranged with respect to the periphery of
said vortex well at or near the top of the vortex well
and the molten metal pump has a passageway ex-
tending into the vortex well and there is at least one
inert gas bubble in said passageway and adjacent
said vortex well there is a recess from said vortex
well which is separated from said passageway by a
plate with at least one aperture so that at least some
of the inert gas from said bubbles enters the recess
and then the vortex well as said bubble passes the
aperture.

XXIV. A process for melting metal in a furnace com-
prising: providing a main chamber containing mol-
ten metal and heating said molten metal in said
main chamber; providing a circulation well connect-
ed to the main chamber by a communication pas-
sageway and recovering molten metal from the
main chamber through said communication pas-
sageway into said circulation well; providing a vor-
tex well having a periphery, a top and an exit outlet
for recovering molten metal therefrom; providing a
containment means and emplacing said contain-
ment means over the vortex well; providing an inert
gas bubble actuated molten metal pump having an
exit port tangentially arranged with respect to the
periphery of said vortex well or near the top of the
vortex well and forming in said molten metal pump
a plurality of inert gas bubbles for recovering molten
metal from the circulation well to the vortex well; and
forming and continuously or intermittently replen-
ishing an inert gas atmosphere in the vortex well
beneath the containment means.

XXV. The process of aspect XXIV wherein inert gas
bubbles in the molten metal pump is recovered for
use in the inert gas atmosphere.

XXVI. The process of aspect XXV wherein the mol-
ten metal pump has a passageway extending into
the vortex well and there are a plurality of inert gas
bubbles in said passageway and adjacent said vor-
tex well there is a recess which is separated from
said passageway by a plate with at least one aper-
ture so that at least some of the inert gas from said
bubbles enters the recess and then the vortex well
as said bubble passes the aperture.

XXVII. The furnace of aspect XXIV wherein the vor-
tex well is a separate and replaceable block of re-
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fractory material.

XXVIII. The process of aspect XXIV wherein the
vortex well is a refractory well block and there is a
peripheral space between the cover and said re-
fractory well block.

XXIX. The process of aspect XXVIII wherein metal
chips mixed with volatile hydrocarbons are added
to the vortex well and volatile hydrocarbons are re-
moved through said space between said cover and
said refractory well block.

XXX. The process of aspect XXIV wherein the mol-
ten metal recovered from the vortex well is removed
to an intermediate well.

XXXI. The process of aspect XXX wherein molten
metal from the intermediate well is re-circulated
back to the main chamber.

XXXII. The process of aspect XXIV wherein metal
chips are tangentially added to the vortex well.

XXX. The process of aspect XXIV wherein the vor-
tex well and the molten metal pump are contained
in a well block and an adjoining end block which are
converted by a projection from one of said blocks
which engages a recess in said other block.

XXXIV. The process of aspect XXIV wherein the
molten metal in the vortex well has a surface level
and there is a sensor for measuring said molten
metal surface level the cover are vertically displace-
able to a position based on said molten metal sur-
face level.

XXXV. The process of aspect XXIV wherein the cov-
er is fixed to a feed tube and the cover and feed
tube are vertically replaceable together.

XXXVI. The process of aspect XXIV wherein the
vortex well was upwardly extended walls and the
containment means comprises said upwardly ex-
tended walls of the vortex well.

XXXVII. The process of aspect XXIV wherein the
inert gas is selected from the group consisting of
nitrogen and argon.

XXXVIII. The process of aspect XXIV wherein there
is a molten metal vortex in the vortex well.

XXXIX. The process of aspect XXXVIIl wherein vor-
tex contains a molten metal selected from the group
consisting of aluminum, magnesium, zinc, copper,
brass, and steel.
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XL. In a process for melting metal in a furnace com-
prising the steps of: providing a vortex well having
a periphery, a top and an exit outlet for recovering
molten metal therefrom; providing a containment
means emplaced over the vortex well; providing an
inert gas bubble actuated molten metal pump hav-
ing an entry port in the circulation well and an exit
port tangentially arranged with respect to the pe-
riphery of said vortex well at or near the top of the
vortex well; wherein the improvement comprises
providing and continuously or intermittently replen-
ishing the inert gas atmosphere positioned in the
vortex well beneath the cover.

XLI. The process of aspect XL wherein inert gas is
recovered from the molten metal pump for use in
the inert gas atmosphere.

XLII. The process of aspect XLI wherein the molten
metal pump has a passageway extending into the
vortex well and there is at least one inert gas bubble
in said passageway and adjacent said vortex well
there is a recess which is connected to the said pas-
sageway by at least one aperture so that at least
some of the inert gas from said bubbles enters the
recess and then the vortex well as said bubble pass-
es the aperture.

XLIIl. A process of aspect XL wherein the vortex
well is in a refractory well block and there is a pe-
ripheral space between the cover and said refrac-
tory well block.

XLIV. The process of aspect XLIIl wherein metal
chips mixed with volatile hydrocarbons are added
to the vortex well and volatile hydrocarbons are re-
moved through said space between said cover and
said refractory well block.

XLV. The process of aspect XL wherein the vortex
well has a bottom exit outlet and molten metal is
removed to a circulation well from the main cham-
ber before being removed to the vortex well, and
said molten metal is then removed from said bottom
exit outlet of said vortex well to an intermediate well.

XLVI. A process for melting metal in a furnace com-
prising the steps of: providing a main chamber con-
taining molten metal and heating said molten metal
in said main chamber; providing a circulation well
connected to the main chamber by a communica-
tion passageway and removing molten metal from
the main chamber through said communication
passageway into said circulation well; providing a
vortex well having a periphery, a top and an exit out-
let for recovering molten metal therefrom; providing
a containment means over the vortex well; provid-
ing an inert gas bubble actuated molten metal pump
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having an entry port in the circulation well and an
exit port tangentially arranged with respect to the
periphery of said vortex well at or near the top of the
vortex well, and the molten metal pump has a pas-
sageway extending into the vortex well, and forming
in said molten metal pump at least one inert gas
bubble in said passageway for removing molten
metal from the circulation well to the vortex well, and
providing adjacent said vortex well a recess which
is connected to said passageway by a at least one
aperture so that at least some of the inert gas from
said bubble enters the recess and then the vortex
well as said bubble passes the aperture.

XLVII. A metal-melting furnace comprising: a main
chamber; a circulation well connected to the main
chamber by a communication passageway; a vor-
tex well having a periphery, a top and an exit outlet
for recovering molten metal therefrom; a contain-
ment means emplaced over the vortex well; an inert
gas bubble actuated molten metal pump having an
entry port in the circulation well and an exit port tan-
gentially arranged with respect to the periphery of
said vortex well at or near the top of the vortex well,
wherein the exit port is positioned at a vertical po-
sition which is higher than the entry port. an inert
gas atmosphere positioned in the vortex well be-
neath the cover.

XLVIII. A metal-melting furnace comprising: a main
chamber; a circulation well connected to the main
chamber by a communication passageway; a vor-
tex well having a periphery, a top and a bottom exit
outlet for recovering molten metal therefrom; a con-
tainment means emplaced over the vortex well; an
inert gas bubble actuated molten metal pump hav-
ing an entry port in the circulation well and an exit
port tangentially arranged with respect to the pe-
riphery of said vortex well at or near the top of the
vortex well.

XLIX. A metal-melting furnace comprising: a main
chamber; a circulation well containing molten metal
having a surface level connected to the main cham-
ber by a communication passageway; a vortex well
having a periphery, a top and an exit outlet for re-
covering molten metal therefrom; a cover emplaced
over the vortex well; an inert gas bubble actuated
molten metal pump having an entry port in the cir-
culation well and an exit port tangentially arranged
with respect to the periphery of said vortex well at
or near the top of the vortex well; an inert gas at-
mosphere positioned in the vortex well beneath the
cover; means for sensing the surface level of the
molten metal in the circulation well; and means for
vertically positioning the cover to a position selected
based on the surface level of the molten metal.
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L. A metal-melting furnace comprising: a main
chamber; a circulation well connected to the main
chamber by a communication passageway; a well
block having, a vortex well, said vortex well having
a periphery, top and an exit outlet for recovering
molten metal therefrom; a cover emplaced over the
vortex well, wherein said cover has a periphery po-
sitioned inward spaced relation to the well block to
form a peripheral gas release space between said
cover and said well block; an inert gas bubble actu-
ated molten metal pump having an entry port in the
circulation well and an exit port tangentially ar-
ranged with respect to the periphery of said vortex
well at or near the top of the vortex well; and an inert
gas and volatile hydrocarbon gas atmosphere po-
sitioned in the vortex well beneath the cover where-
in said atmosphere is releasable through said pe-
ripheral gas release space.

XLI. A metal-melting furnace comprising: a main
chamber; a circulation well connected to the main
chamber by a communication passageway; a vor-
tex well containing a molten metal vortex having a
surface, and said vortex well having a periphery, a
top and an exit outlet for recovering molten metal
therefrom; a cover emplaced over the vortex well
adjacent the surface of the molten metal vortex; an
inert gas bubble actuated molten metal pump hav-
ing an entry port in the circulation well and an exit
port tangentially arranged with respect to the pe-
riphery of said vortex well at or near the top of the
vortex well; and an inert gas atmosphere positioned
in the vortex well beneath the cover.

XLII. A metal-melting furnace comprising: a main
chamber; a circulation well connected to the main
chamber by a communication passageway; a vor-
tex well having a periphery, a top and an exit outlet
for recovering molten metal therefrom; a contain-
ment means emplaced over the vortex well; a feed
tube extending through said containment means to
enable metal chips to be tangentially added to the
vortex well adjacent the periphery of said vortex
well; an inert gas bubble actuated molten metal
pump having an entry port in the circulation well and
an exit port tangentially arranged with respect to the
periphery of said vortex well at or near the top of the
vortex well; and an inert gas atmosphere positioned
in the vortex well beneath the cover.

XLII. A metal-melting furnace comprising: a main
chamber; a circulation well connected to the main
chamber by a communication passageway; a vor-
tex well having a periphery, a top and an exit outlet
for recovering molten metal therefrom wherein said
vortex well is positioned in a vortex well block; a
containment means emplaced over the vortex well;
an inert gas bubble actuated molten metal pump
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having an entry port in the circulation well and an
exit port tangentially arranged with respect to the
periphery of said vortex well at or near the top of the
vortex well; an inert gas atmosphere positioned in
the vortex well beneath the containment means;
and an end block positioned in adjoining relation to
the vortex well block wherein said blocks are con-
nected by a projection extending from one of said
blocks which engages a recess in said other block,
and said circulation well is contained in said adjoin-
ing blocks.

Claims

A metal-melting furnace comprising:

a main chamber (26);

a circulation chamber (28) in operative commu-
nication with the main chamber;

a well block (38) disposed within the circulation
chamber (28);

a vortex well (84) formed within the well block
and being adapted to hold a maximum quantity
of molten metal therein, the vortex well having
a periphery, a top, and an exit outlet (96) for
recovering molten metal therefrom,

a containment means (108) emplaced over the
vortex well (84);

an end block (36); and

a gas bubble actuated molten metal pump (48)
contained within the end block; said end block
(36) engaging the well block (38) and having an
entry port in operative communication with the
circulation chamber (28) and an exit port (64)
in operative communication with the vortex well
(84), the exit port being tangentially arranged
with respect to the periphery of said vortex well.

The metal-melting furnace of claim 1, wherein the
end block (36) is disposed within the circulation
chamber (28) adjacent the well block (38).

The metal-melting furnace of claim 2, wherein the
well block (38) is provided with a recess (42) and
the end block (36) is provided with a complementary
sized and shaped projection (40), and wherein the
recess and projection engage each other.

The metal-melting furnace of claim 3, further includ-
ing a vertical passageway (46) formed between the
engaged well block (38) and the end block (36).

The metal-melting furnace of claim 4, further com-
prising at least one seal disposed in the vertical pas-
sageway (46) between the well block (38) and the
end block (36), the seal preventing the molten metal
flowing from the metal pump (48) into the vortex well
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(84) from leaking into the vertical passageway.

The metal-melting furnace of claim 5, further com-
prising a ridge formed on one of the well block (38)
and the end block (36), the ridge being disposed
outwardly form the at least one seal to retain the
seal in position in the vertical passageway.

The metal-melting furnace of claim 3, wherein a gap
is formed between the projection (40) on the end
block (36) and the well block (38) when the end
block is engaged with the well block.

The metal-melting furnace of claim 3, wherein the
end block (36) has a bottom surface and the circu-
lation chamber (28) has a bottom and the end block
(36) engages and supports the well block (38) so
that the bottom surface of the end block is disposed
a spaced distance (Z) above the bottom of the cir-
culation chamber.

The metal-melting furnace of claim 8, wherein the
end block (36) includes an entry port (48) in its bot-
tom surface and molten metal enters the pump
through the entry port in the bottom surface.

The metal-melting furnace of claim 9, wherein the
well block (38) has an upper surface (38a) and the
end block (36) has an upper edge (36a) and the up-
per surface and upper edge are substantially copla-
nar when the well block (38) and end block (36) are
engaged with each other.

The metal-melting furnace of claim 1, wherein the
containment means is a cover (108).

The metal-melting furnace of any preceding claim,
further comprising a continuously or intermittently
replenished inert gas atmosphere (114) positioned
over the vortex well (84) and beneath the contain-
ment means (108).
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